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Abstract
Purpose  To search for maternal, labor-related and fetal variables associated with low Apgar in the fifth minute in term 
pregnancy.
Methods  A retrospective case–control study with term births was conducted in a public teaching hospital from 2013 to 2020. 
Cases were term births with Apgar score less than 7 in the fifth minute, and controls, the next one or two births following a 
case, with Apgar of 7 or more. Non-cephalic presentations, multiples and malformations were excluded. We accessed 100 
cases and 190 controls. We considered significant values of p < 0.05.
Results  Were accessed 27 variables which could be risk factors, from which 12 were associated with the outcome. We found 
a protective effect of prelabor cesarean for the outcome, odds ratio (OR) 0.38, p = 0.013. Consequently, we conducted two 
sets of analyses: in the whole group and in the group of laboring women. The values of OR were in general greater in the 
group of laboring women, compared with the whole group. We conducted multivariate analysis within the group of women 
in labor. The variables which fitted best in the model were nulliparity, male sex of the fetus, less than six prenatal visits and 
abnormal cardiotocography; all remained significant. An association of rupture of membranes more than 360 min with the 
outcome, even after controlling fpr duration of labor, was found; adjusted OR 2.45, p = 0.023.
Conclusion  Twelve variables were associated with the outcome. Prelabor cesarean had a protective effect. The time of rup-
tured membranes was associated with low Apgar.

Keywords  Low Apgar term · Rupture of membranes · Fetal distress · Neonatal morbidity · Mode of delivery

What does this study add to the clinical work? 

Prelabor cesarean is protective against low Apgar 
in term. Most of cases of low Apgar in term come 
from pregnancies without maternal diseases.Time 
of ruptured membranes is associated with low 
Apgar in term.

Introduction

The APGAR score was created by the anesthesiologist 
Virginia Apgar in 1953 to evaluate the need for neonatal 
resuscitation [1]. Since then, its utilization has been widened 
and, currently, the APGAR score is the standard method for 
evaluating the condition of a neonate in most settings that 
offer care for birth worldwide [2, 3]. The score has a scale 
of ten points, with lower scores (scores ≤ 6) representing 
worse prognoses for the neonate, and is usually applied in 
the first and fifth minute after birth [3]. The score measured 
in the fifth minute is more strongly associated with short- 
and long-term morbidity compared to that of the score in 
the first minute [4]. Most cases of low APGAR scores are 
secondary to neonatal hypoxia/asphyxia, but a few can have 
other causes such as depression by drugs, infections, and 
extreme prematurity [5]. This lack of absolute correspond-
ence between the APGAR score and hypoxia/asphyxia moti-
vated some authorities to publish articles recommending not 
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to consider the low APGAR score and hypoxia/asphyxia as 
the same condition [6, 7]. Within this context and with the 
purpose of having a precise diagnosis of hypoxia/asphyxia, 
many institutions adopted the practice of collecting a sample 
of blood from the umbilical cord soon after birth to meas-
ure pH, blood gases, and concentration of bases. The docu-
mentation of acidosis, especially metabolic acidosis, would 
then be a more objective diagnosis of hypoxia/asphyxia. 
Some institutions utilize this tool selectively in cases of 
low APGAR scores, or after interventions indicated for 
suspected fetal distress. The objective is to obtain a more 
precise evaluation to better program neonatal care, but one 
that can also be utilized for medico-legal purposes [8, 9]. 
However, some authors propose utilizing this tool in every 
birth [10].

When compared to the APGAR score, however, postpar-
tum cord blood analysis is reportedly worse at predicting 
adverse neonatal outcomes. The APGAR score is a better 
predictor of death in both term and preterm neonates [11]. It 
is also a better predictor of neonatal morbidity [12]. With an 
APGAR score of 7 or more in the fifth minute and abnormal 
values of cord blood analysis, only a small residual propor-
tion of neonates had an abnormal evolution [13, 14].

Regarding long-term morbidity, Leinonen et al. [15] car-
ried out a population-based study and reported that APGAR 
scores < 4 are a better predictor of neurologic morbidity 
compared to those of the lower cutoff values of cord blood 
analysis. Kayani et al. [16] compared children aged 2 years 
who had umbilical vein pH below 7.00 and normal APGAR, 
with that of controls with both normal pH and APGAR. 
They did not find any differences in the fields of cognition 
and motricity. Many other studies reported an association of 
low APGAR score, especially the fifth minute score, with 
many short-term as well as long-term adverse neonatal 
outcomes [17–28]. Razzaz et al. [29] reported a significant 
difference in neonatal morbidity and mortality even within 
what is considered the normal range of APGAR scores, from 
8 to 10. Chong et al. [30] argue that a cutoff value of 8 for 
APGAR in the fifth minute would be a better predictor of 
mortality in the first year of life than that of the traditional 
value of ≤ 6. We can probably state that, if we have to adopt 
a single tool to evaluate the condition and risk of adverse 
outcomes of the neonate, the APGAR score is the most 
comprehensive.

Most cases of low APGAR scores are secondary to 
intrapartum events [31]. Cardiotocography (CTG) is prob-
ably the most utilized method to detect fetal distress dur-
ing labor; however, reportedly, it has a great proportion of 
false positive results [32] and a not negligible proportion 
[33–35] of false negative results. A recent study showed that 
the analysis of the blood of the fetal scalp during labor is 
not an adequate tool to distinguish false positive from false 
negative tracings of CTG, due to its low sensitivity [36]. 

We can probably assume that, despite being an uncommon 
condition, a low APGAR score (especially in the fifth min-
ute) is a relevant adverse outcome, and with the resources 
available presently, we cannot completely avoid its occur-
rence—hence, our interest in finding variables associated 
with this outcome, with the aim of identifying potential pre-
ventive measures.

Several research studies assessed antenatal and intrapar-
tum variables associated with low APGAR score, many of 
which studied a single specific variable [21, 37–44], while 
others studied more than one [28, 45–50]. Some of these 
latter studies, however, assessed a relatively small number 
of variables. We believe that this issue has received less 
attention than it deserves and that a study which assesses a 
greater number of variables is necessary.

Objectives

To identify antenatal and intrapartum variables associ-
ated with APGAR scores ≤ 6 in the 5th minute in term 
pregnancies.

Methods

We conducted a retrospective case–control study. The cases 
were births of term singleton pregnancies assisted in a single 
institution and had APGAR score < 7 in the fifth minute. 
The controls were the two births following a case, which 
fulfilled the same criteria as that of the controls, but had 
APGAR scores ≥ 7 in the fifth minute. Intrapartum scalp 
blood analysis and postpartum cord blood analysis are not 
available in the institution. The following conditions were 
excluded: multiple gestation, non-cephalic presentations, 
stillbirths, malformations, or congenital diseases detected 
during prenatal care or in the first neonatal evaluation, and 
births with missing data about gestational age or APGAR 
score in the fifth minute.

The institution is Hospital Municipal Universitário de 
São Bernardo do Campo—a public teaching hospital dedi-
cated to women’s health. It is located in São Bernardo do 
Campo, an industrial city with approximately 840,000 
inhabitants, in the metropolitan area of São Paulo, Brazil. 
The hospital attends to an average of 4000 births per year 
and has 24-h dedicated teams of gynecologists/obstetricians, 
neonatologists, and anesthesiologists. It is also a field for 
the training of medical students and has medical residents 
in these three specialties. It is the only public institution that 
offers care for birth in this city and consequently attends to 
a mix of high- and low-risk pregnancies.

The search for the cases was performed through the 
book of births, filled by nurses in the obstetric ward, which 
records data about the APGAR score, gestational age, and 
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presentation of the fetus (besides other details) of all assisted 
deliveries. We then manually accessed the paper-based med-
ical records of all potential cases and controls for review. 
The data were extracted by the authors (LCMJ, CNP, CSG, 
ECGP) and entered into a pre-specified chart to obtain more 
homogeneity.

The variables assessed were those cited in previous 
works as being associated with low APGAR score [21, 28, 
37–45, 47, 49, 50]. These were: maternal age, < 6 prena-
tal visits, smoking habit, regular use of illicit drugs, ges-
tational age as continuous variable, by the best criterion, 
at the discretion of the researcher (most of the women had 
first trimester ultrasound), parity, one previous cesarean; 
maternal diseases: hypertensive diseases as a single vari-
able including chronic hypertension, gestational hyperten-
sion and preeclampsia, diabetes (gestational and overt as 
a single variable), “other maternal diseases”, placenta pre-
via; and birth conditions/risk factord related to birth: mode 
of delivery (prelabor cesarean section or women in labor), 
labor induction with oxytocin or prostaglandins (mostly 
misoprostol), labor augmentation with oxytocin, duration 
of labor from the beginning of the active phase of the first 
stage until delivery (as continuous variable), time from rup-
ture of membranes until delivery both as continuous and 
dichotomous variables (excluding rupture at the moment of 
delivery, that is, 0 min), tachysystole (six or more contrac-
tions in 10 min) < 3 h before birth, intrapartum fever (37.8º 
C or more), meconium-stained amniotic fluid, malodorous 
amniotic fluid, abnormalities in clinical auscultation of fetal 
heart rate (sustained bradycardia or profound decelerations), 
abnormal CTG [51], wrong interpretation of CTG, fetal sex 
and birth weight, and labor accidents: placental abruption, 
cord prolapse, shoulder dystocia and uterine rupture. We cre-
ated the composite outcome “obstetric catastrophes”, which 
included placental abruption, uterine rupture, cord prolapse, 
shoulder dystocia, and eclampsia, and conducted the analysis 
with these latter outcomes only as a composite outcome. 
Some known risk factors were not included, since we antici-
pated some difficulties in collecting data with accuracy: fetal 
growth restriction, because of a low antepartum diagnostic 
rate; oligohydramnios, because most of the women did not 
have an ultrasound examination shortly before birth; dura-
tion of the second stage, because the strategy of documenta-
tion (partograph) in the charts tended to underestimate the 
true duration of this period; and epidural analgesia, because 
most of the women did not receive conduction analgesia, 
and those who did, mostly received combined spinal–epi-
dural analgesia. We considered the beginning of the active 
phase from the point at which cervical dilatation began 
progressing at an average rate of at least 1 cm/h, usually 
beginning with a 45 cm dilatation. We anticipated lack of 
accuracy in the information given by the woman about the 
exact time of rupture of the membranes because of frequent 

confusion with cervical secretions, urine, and aqueous fluid 
of candidiasis. We considered the time zero of rupture, for 
both cases and controls, as the moment at which a member 
of the attending team detected ruptured membranes. This 
strategy tends to underestimate the average time elapsed 
from rupture to delivery, especially for those women who 
had rupture before admission. Since the main purpose is to 
compare the duration in cases vs. that in controls, this under-
estimation is of less importance. Further, we believe there 
would be no reason to assume that the size or the direction 
of this underestimation would be different in cases vs. that 
in controls. In our hospital, most women are submitted to 
intrapartum CTG. However, it is very uncommon to perform 
strictly continuous CTG, in the sense that the tracing cov-
ers the entire process of labor, even in high-risk pregnan-
cies. Usually, tracings are performed for 20 min in intervals 
of about 2 h, changing to smaller intervals in the second 
stage of labor or after abnormal tracings (usually class II) 
are found. This routine is utilized indistinctly in high- and 
low-risk pregnancies. In the intervals between CTG tracings, 
the fetal heart rate is measured clinically by auscultation at 
30-min intervals, before, during, and after a contraction, and 
at 15-min intervals in the second stage. Most of the times, 
abnormalities in auscultation are confirmed through CTG. 
In our study, all CTG tracings were reviewed by the lead-
ing author (LCMJ). For the study, the definition of wrong 
interpretation of CTG was made by LCMJ with at least one 
more author, and disagreement was resolved through con-
sensus. An interpretation was considered wrong, only if it 
was for “less”, that is, abnormal tracings wrongly considered 
as normal, which could lead to postponing or not deciding 
on a necessary intervention. We did not consider a wrong 
interpretation when it was for “more”, that is, a normal trac-
ing which was considered as abnormal. This is because such 
a mistake could lead to an unnecessary intervention, but 
not a low APGAR score. Since abnormal CTG before pre-
labor cesareans was an uncommon occurrence, we decided 
to perform analyses with CTG only in the group of laboring 
women (see below).

Taking into account the previous reports of a protective 
effect of prelabor cesarean for severe neonatal complica-
tions in term pregnancy [52–54], we also anticipated that 
most of the risk factors for low APGAR would express their 
effect more strongly in laboring women than in those women 
subjected to prelabor cesareans. Therefore, we planned to 
conduct analyses (a) with the whole sample and (b) with 
laboring women (regardless of the final mode of delivery) 
excluding placental abruption. Placental abruption was 
excluded because it is a serious condition and it is usually 
difficult to decide if a case of abruption can be defined as 
labor.

We deliberately decided to assess the maximum num-
ber of variables. As stated in the introduction, the authors 
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believe that low APGAR and other adverse neonatal out-
comes in term pregnancy have received less attention in 
the literature than it deserves. Consequently, we gave an 
“exploratory” character to our study by not restricting it to 
a few specific potential associated factors.

The calculation of the size of the sample was not feasible 
because of the great number of variables assessed which 
could be associated with the outcome. Besides this, we were 
limited by the fact that the book of births covered the period 
from April 2013 to the present day. Thus, we decided to 
study the births from this date until July 31, 2020 when we 
began to conduct the analyses. We did not study the neonatal 
outcomes consequent to low APGAR score, such as neo-
natal death, admission to neonatal intensive care unit, and 
others, but rather, as stated above, focused on antenatal and 
intrapartum conditions that could be determinants of low 
APGAR. We excluded preterm births because prematurity, 
especially extreme prematurity, by itself can be the cause 
of a low APGAR score. Consequently, studying a sample 
with preterm births would make prematurity an important 
confounding factor for the other variables being assessed.

Since we collected data of births assisted until the end of 
July 2020, maternal infection with COVID-19 virus could 
be a new risk factor for a low APGAR score. However, none 
of the pregnant women included in the study had a clinical 
picture or laboratory findings suggestive of this condition.

We did not make imputations for missing data. The asso-
ciation between potential risk factors and the outcome was 
assessed through the Chi square test or Fischer’s exact test 
for categorical variables and Student’s t test or Mann–Whit-
ney U test for continuous variables. Values of odds ratios 
(OR) and 95% confidence intervals (CI 95%) were calculated 
for each analysis. Mult-variate analyses were conducted 
through logistic regression. A significant association was 
considered for values of p < 0.05. Data were first entered 

into an EpiData (EpiData Association, Odense, Denmark) 
database. Stata (StataCorp. 2013. Stata Statistical Software: 
Release 13. College Station, TX: StataCorp LP) was used 
for the analyses.

All procedures performed were in accordance with the 
ethical standards of the institutional and/or national research 
committee and with the 1964 Helsinki Declaration and its 
later amendments or comparable ethical standards. The 
study was approved by the Ethics Committee of the Fac-
ulty of Medicine of ABC under number 1.9893.818 (Ethical 
process n. CAEE 3,481,414.0.0000.0082). The requirement 
of informed consent was waived by the committee as medi-
cal records and the data were anonymously analyzed and 
presented.

Results

From April 1, 2013 to July 31 2020, 100 cases of low 
APGAR score which fulfilled the inclusion criteria were 
found. For these cases, we included 190 controls, with a total 
of 290 observations. During this period, 28,453 term births 
were assisted, of which 132 term births (exclusions not 
made) had fifth minute APGAR score < 7 (a rate of 0.46%, 
or 4.6 cases per 1000 births). In this period, the monthly rate 
of cesarean sections for all births varied from 34 to 40%, 
with no clear tendency of growth or decline, with an average 
of about 36% for the entire period.

Table 1 shows the associations of variables with the out-
come in the whole sample studied, and Table 2 shows the 
associations in the group of women in labor. Some variables 
in Table 2, like tachysystole and abnormal CTG, are not 
presented in Table 1, because they apply only to women in 
labor. Of the 27 variables that were studied, 12 were signifi-
cantly associated with the outcome. Only the significantly 

Table 1   Association of 
maternal, fetal and intrapartum 
variables with Apgar score less 
than 7 in the fifth minute

Obstetric catastrophes: composite outcome including placental abruption, uterine rupture, cord prolapse, 
shoulder dystocia and eclampsia
OR odds ratio, CI confidence interval

Variable Apgar ≤ 6 Apgar ≥ 7 OR 95% CI Value of P

n (%) n (%)

Nullipara 58 (58) 74 (41.1) 1.98 1.21—3.24 0.006
Maternal age less than 19 21 (21) 23 (12.1) 1.93 1.00—3.69 0.047
Less than six prenatal visits 24 (24) 25 (13.4) 2.04 1.09—3.81 0.024
Male sex of the fetus 57 (62) 91 (49.5) 1.66 0.99—2.77 0.051
Ruptured mmbranes ≥ 360 min 35 (35) 36 (19) 2.30 1.33—3.98 0.003
Meconium-stained amniotic fluid 31 (32) 27 (14.3) 2.81 1.56—5.08 0.001
Malodorous amniotic fluid 5 (5) 0 – – – 0.002
Prelabor cesarean 9 (9.3) 40 (21.3) 0.37 0.18—0.82 0.011
Obstetric catastrophes 15 (15) 3 (1.6) 11.00 3.10—39.00  < 0.001
Hypertensive disease 22 (22.2) 34 (17.9) 1.31 0.72—2.39 0.39
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associated variables were included in the tables, except for 
sex of the fetus and hypertensive disease. This was done 
to show that the sex of the fetus became significant in the 
context of laboring women, and that hypertensive disease, 
considered an important risk factor for the outcome, did not 
reach statistical significance. As expected, there was a strong 
association with the composite outcome “obstetric catastro-
phes”: OR 11.00; CI 95% 3.10–39.00; p < 0.001. However, 
these catastrophes accounted for only 15% of the cases of 
low APGAR score. As we anticipated, a protective effect 
of prelabor cesarean was found for the outcome, OR 0.37; 
CI 95% 0.17–0.81; p = 0.011. It is interesting to compare 
Tables 1 and 2. For all variables that are presented in both 
the tables, that is, variables that apply to both groups of 
women (women in labor and whole group), the values of OR 
are greater in the group of laboring women, despite a smaller 
sample, with the exception of malodorous amniotic fluid 
(same number of events) and ruptured membranes of more 
than 360 min (see commentary in “Discussion”). These 
findings reinforce the adequacy of our strategy to conduct a 
separate analysis for laboring women.

We then conducted a multivariate analysis. To be coher-
ent with our arguments, we included in the latter only the 
analyses conducted on laboring women. Since we had many 
variables associated with the outcome, we had to make a 
choice about which variables to include in the multivariate 
model. We gave priority to variables that were more fre-
quently found in clinical practice and also had greater values 
of OR. The model which fitted best included nulliparity, fetal 
sex, < 6 prenatal visits, and abnormal CTG (Table 3).

An interesting finding was the association of low APGAR 
score with the time of ruptured membranes. This associa-
tion was found in the analysis by taking the time of ruptured 
membranes as a dichotomous variable (Tables 1, 2, 4), as 
well as a continuous variable (mean of 458 min in cases vs. 

235 min in controls, p = 0.002; not shown in tables). From 
the clinical point of view, the duration of labor from the 
beginning of the active phase is a very likely confounding 
variable for the time of ruptured membranes in association 
with low APGAR. This is because long labors tend to have 
a longer time of ruptured membranes. Although the dura-
tion of labor was not associated with the outcome in the 
univariate analysis (median of 256 min in cases vs. 227 min 

Table 2   Association of 
maternal, fetal and intrapartum 
variables with Apgar score less 
than seven in the fifth minute in 
the group of women in labor

OR odds ratio, CI confidence interval, FHR fetal heart rate

Variable Apgar ≤ 6 Apgar ≥ 7 OR 95% IC

n (%) n (%)

Nullipara 56 (63.4) 65 (43.9) 2.33 1.29—3.84
Maternal age less than 19 21 (23.9) 18 (12.2) 2.26 1.12—4.53
Less than six prenatal visits 23 (26.1) 21 (14.4) 2.10 1.08—4.08
Male sex of the fetus 54 (67.5) 77 (51.1) 1.99 1.12—3.52
Ruptured mmbranes >  = 360 min 24 (27.3) 23 (15.6) 2.03 1.07—3.89
Abnormal cardiotocography 34 (40.5) 19 (13.0 2.82 1.67—4.76
Wrong Interpretation of cardiotocography 18 (21.7) 4 (2.8) 2.99 1.36—6.58
Abnormal clinical auscultation of FHR 10 (11.4) 4 (2.7) 4.61 1.40—15.19
Meconium-stained amniotic fluid 27 (31.4) 20 (13.6) 2.90 1.50—5.59
Tachysystole less than three hours before birth 19 (19.3) 5 (3.4) 6.8 2.41—19.18
Malodorous amniotic fluid 5 (5.7) 0 – – –
Hypertensive disease 20 (23) 21 (14.2) 1.81 0.91—3.56

Table 3   Multivariate analysis for associations with low Apgar in the 
fifth minute in the group of women in labor

OR: odds ratio, CI: confidence interval

Variable OR 95% IC Value of P

Nullipara 2.12 1.09—4.10 0.026
Less than six prenatal visits 2.85 1.24—6.54 0.014
Male fetal sex 2.00 1.03—3.90 0.041
Abnormal cartiotocography 4.46 2.17—9.16  < 0.001

Table 4   Multivariate analyses for association with low Apgar in the 
fifth minute including time of ruptured membranes and duration of 
labor

a  Analysis with a cutoff value of 360 min
b  Analyses with a cutoff value of 260 min
Duration of labor taken as a continuous variable
OR odds ratio, CI confidence interval

Variable OR 95% CI Value of P

Ruptured membranes ≥ 360 min 2.45 1.13—5.33 0.023
Duration of active phase of labor 1.00 0.99—1.01 0.614
Ruptured membranes ≥ 260 min 2.54 1.21—5.34 0.014
Duration of active phase of labor 1.00 0.99—1.01 0.722
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in controls, p = 0.207; not shown in tables), we decided to 
conduct a distinct multivariate analysis including only the 
duration of the active phase of labor as a continuous variable 
and time of ruptured membranes as a dichotomic variable, to 
be sure that the duration of the active phase did not confound 
the association. There was an association between the time 
of ruptured membranes and low APGAR with two distinct 
cut-off values, 260 and 360 min, and no association with the 
duration of labor (Table 4).

Discussion

The present study found many variables associated with an 
APGAR score < 7 in the fifth minute of term pregnancy. A 
protective effect of prelabor cesarean was also found for this 
outcome; consequently, we conducted separate analyses with 
laboring women, which showed a greater influence of the 
risk factors over low APGAR in this group. An unexpected 
strong positive association was noted with the time of rup-
tured membranes, even after controlling for the duration of 
labor. The frequency of APGAR < 7 in the fifth minute of 
0.46%, in term birth for the whole population of the study 
period in the institution (without the exclusions made for 
the study), compares well with recent reports of large series 
from developed countries, such as 0.9% of Lai et al. [47] 
(LAI 2017) and 1,4% of Thavarajah et al. [21], both from 
Australia, which are results after the exclusion of multiple 
gestation, malformed and non-cephalic; it is also lower than 
1.3%, reported by Leinonen et al. [20], from the general 
population of term birth in Finland. However, it is slightly 
higher than 0.3% reported by Gutbir et al. [17] from Israel. 
We do not have a clear explanation for these differences. 
Similarly, in a period very similar to that of the study (from 
January 2014 to March 2021, with 28,080 term births), the 
neonatal death rate during the admission for birth in term 
pregnancy was 0.81/1000. This decreased to 0.28/1000 after 
exclusion of serious malformations. This can be considered 
a low rate.

The cesarean section rate in our hospital is higher than 
that in most institutions. There are several reasons for this. 
First, in the private institutions in Brazil, the cesarean rates 
are very high, reaching more than 80% in the Southeastern 
region [55], where our institution is located. It is common 
for women to move from the private to the public sector and 
vice versa in different pregnancies. Consequently, we have a 
larger number of women with two or more cesarean sections, 
compared to that of other hospitals worldwide. Since we 
do not perform trials of labor in such women, it lowers the 
number of women that can be subjected to a trial of labor. 
Besides, we also have many women with one previous cesar-
ean section. Though we do accept a trial of labor in such 
women, their condition limits the likelihood of a vaginal 

birth. Second, there is perhaps a lower threshold for the deci-
sion of cesarean section in our institution, as well as in other 
public hospitals in the country, compared to institutions in 
the developed countries, although this difference is difficult 
to be measured or proven. Our protocols/guidelines do not 
include a cesarean section on maternal request. However, in 
some special and very uncommon cases, it may be allowed, 
but this has a very low impact on the global cesarean rate.

Some variables which were associated with low APGAR 
in other studies were not associated in the present one. 
However, some of these variables were more frequent in the 
cases than in controls, although not significantly, like “other 
maternal diseases”, 12.5 vs. 8.1% p = 0.271; “one previous 
cesarean, 15.9 vs. 12.2% p = 0.416; and intrapartum fever, 
2.3% vs. 0, p = 0.065. A significant association with these 
variables would likely be found with a larger sample.

The question of neonatal outcomes associated with the 
mode of delivery in term pregnancy has been an issue of 
great debate. The first and very important aspect is that 
the vaginal and abdominal routes are not two independ-
ent routes. Quite often, cesarean sections are performed 
to solve the problems of the trial of vaginal birth, such 
as fetal distress in labor or cephalopelvic disproportion. 
Many studies reported a higher frequency of respiratory 
morbidity in prelabor cesareans when compared to vaginal 
births or with a trial of labor in term pregnancy [56–59]. 
However, it is necessary to consider the whole picture of 
neonatal outcomes. Respiratory morbidity in term preg-
nancy, although not uncommon, seldom causes death or 
long-term morbidity. This is quite different from severe 
hypoxic/ischemic encephalopathy, meconium aspiration 
syndrome, serious trauma, and other conditions, which are 
more frequent in a trial of labor or laboring women, when 
compared to prelabor cesareans. The same can be said 
about low APGAR scores. The present study showed a 
significantly lower frequency of this outcome in prelabor 
cesareans. A recommendation by the National Institutes of 
Health United States (NIH) in 2006 stated that compari-
sons of outcomes related to the mode of delivery should 
be made between prelabor cesareans and other forms of 
birth [60]. When conducted in this manner, some stud-
ies reported a protective effect of prelabor cesarean for 
serious neonatal morbidities [52–54] or neonatal death 
[53] in term pregnancy, as stated in the Methods section. 
Some studies showed an association of emergency cesar-
ean delivery with low APGAR [21, 45, 47, 48], but did 
not discuss the above aspects in detail. In the works of 
Thavarajah et al. [21] and Lai et al. [47], both conducted in 
the same institution and similar periods, the authors report 
a significantly lower frequency of low APGAR score in 
prelabor cesareans and a significantly higher frequency 
in emergency cesarean and operative vaginal delivery. In 
the discussion of both the studies, the authors state that 



1479Archives of Gynecology and Obstetrics (2023) 308:1473–1483	

1 3

emergency cesarean and operative vaginal delivery are 
important risk factors for low APGAR. This gives the 
wrong idea of a cause–effect relationship. We had similar 
results in the present study: a protective effect of prela-
bor/elective cesarean (Table 1) and a greater significant 
frequency of emergency cesarean in the cases, 24.4% vs 
12.2% in the controls, p = 0.019 (not shown in tables). 
Most likely, the correct interpretation is that the causes 
of low APGAR score in emergency cesarean and opera-
tive vaginal deliveries are mostly the conditions that indi-
cated the procedure (reverse causality), and not the pro-
cedure itself. The finding of a protective effect of prelabor 
cesarean against low APGAR does not justify, of course, 
a police of cesarean section for every woman. Cesarean 
sections are associated with higher maternal morbidity and 
mortality [61–64]. Besides this, as stated above, vaginal 
births without fetal distress have less risks of respiratory 
morbidity. However, this finding goes against the simplis-
tic statement that “the lower the cesarean rates, the better 
for the mother and her baby”.

Another relevant finding, as stated in “Results”, is that we 
did not find associations between the outcome with mater-
nal diseases. In the analyses conducted within the group 
of laboring women, hypertensive disease almost reached 
significance, with an OR of 1.81 and a p value of 0.089 
(Table 2). As stated above, it is likely that with a larger sam-
ple, a significant result would be obtained. Moreover, the 
variable “other maternal diseases”, although more common 
in the cases group, did not reach a significant association, as 
stated above. This weak expression of maternal diseases may 
be secondary to its low frequency in the population com-
pared with other risk factors such as nulliparity or male sex. 
Besides this, many pregnant women with serious diseases, 
like severe preeclampsia, have medically indicated deliveries 
in the preterm period for maternal or fetal indications. But 
it is probably true that other conditions, such as nulliparity, 
fetal sex, maternal age, and conditions related to the course 
of labor, have a greater influence on the outcome than is 
usually considered. This raises the question: is the concept 
of high-risk pregnancy interchangeable with the concept 
of high-risk birth? The belief that the conditions which are 
good predictors of adverse neonatal outcomes at term are 
mainly those who classify the pregnancy as high risk has 
been challenged by some authors [50, 53, 65, 66]. Similar 
comments could be made about the outcome of “obstetric 
catastrophes”. In this composite outcome, we included acute 
conditions, usually associated with serious morbidity, and 
are almost unpredictable. Despite being strongly associated 
with the outcome, only 15% of the cases of low APGAR in 
our study were related to these conditions; the remaining 
85% of cases were in “normal” birth contexts.

Some studies have reported the utility of Doppler assess-
ment of umbilical and fetal vessels at the end of pregnancy 

in the prediction of low APGAR score and other adverse 
perinatal outcomes [67, 68]. Till date we have not been able 
to subject all women admitted for spontaneous labor or labor 
induction to Doppler assessment, though it is available in 
our institution.

Much controversy exists about the benefit of intrapartum 
CTG in preventing adverse outcomes for neonates [33, 69, 
70]. In the present study, more than the association of abnor-
mal CTG with low APGAR score, the strong association of 
wrong interpretation of CTG with the outcome (OR 2.99; 
p = 0.006; Table 2) is an argument to affirm that, at least in 
our context, intrapartum CTG very likely has some benefit 
in preventing low APGAR.

A third interesting finding was the association of the 
outcome with the time of ruptured membranes. It is prob-
ably the most unique finding of our work. We did not expect 
to find this association. We included this variable because 
of the report of Martinez-Biarge et al. [71], who found 
an association between time of ruptured membranes and 
hypoxic–ischemic encephalopathy, which could be a proxy 
for low APGAR score. However, they did not conduct analy-
ses with low APGAR as an outcome. To our knowledge, 
only few studies reported this association. Omokhodion et al. 
[72], in Nigeria, found an association of APGAR score less 
than 7 at 1 min, but not at 5 min, with rupture of membranes 
for more than 24 h before labor. Kaye [73] reported an asso-
ciation of five-minute APGAR scores ≤ 4 with rupture of 
membranes more than 24 h before labor in term pregnancies 
in Uganda. However, both the studies included only cases 
that had been referred to a tertiary center; the authors inform 
that in the regions where the studies were conducted, most 
uncomplicated labors occurred at the primary level (not 
in hospitals). Hence, in both works, the frequency of low 
APGAR in the fifth minute was very high: 4% in the work of 
Omokhodion et al. [72] and 13.1% in the one of Kaye [73]. 
Also, they did not control the duration of labor. Salustiano 
et al. [49], in Brazil, found a greater duration of ruptured 
membranes in term pregnancy in cases (APGAR < 7 in five 
minutes), 10 h, than in controls, 8 h, but the difference was 
not significant (p = 0.11).

Although we did not include this variable in the multivar-
iate analysis, we controlled for the duration of labor, which 
could be an important confounding variable, and the associa-
tion persisted. The data of the present work does not allow 
us to find a clear motif for this association, but we attempt 
to put forward some theoretical explanations. Most would 
evoke fetal infection as the probable cause. Since we had 
only two cases of intrapartum fever, it is unlikely that intra-
partum infection would be the only explanation for this asso-
ciation. Besides this, low APGAR score in the fifth minute is 
not so strongly related to infection. Jessop et al. [39] studied 
the association of histological findings related to inflam-
mation in placental tissues in term singletons with adverse 
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outcomes, including APGAR score < 7 in the first minute. 
They found an association of these findings, especially 
funisitis, with low APGAR score and the other outcomes. 
They suggest that fetal inflammatory response syndrome, 
and not necessarily clinically evident infection, could lead to 
adverse outcomes. Mynarek et al. [74] studied the associa-
tion between ruptured membranes and the risk of cerebral 
palsy in term pregnancy. They found an association between 
rupture of more than 24 h before labor and the outcome. 
They also found that the pattern of cerebral MRI suggestive 
of hypoxic–ischemic injuries increased with increased inter-
vals from rupture to delivery. They speculate that rupture 
of membranes could somehow increase the vulnerability of 
the fetal brain to hypoxic-ischemic injury. Another possible 
explanation could be more frequent cord compression sec-
ondary to oligohydramnios after rupture. Although a more 
frequent cord compression could contribute to low APGAR, 
some reports challenge the concept of this mechanism as the 
only explanation for this outcome. Ghosh et al. [75] studied 
two groups of low-risk term pregnancies, one with intact 
and the other with ruptured membranes. Both groups were 
submitted to the evaluation of amniotic fluid index (AFI) at 
admission for labor. They then compared within each group 
the frequency of adverse outcomes between oligohydram-
nios (AFI ≤ 50 mm) and normal amniotic fluid. They found 
a greater significant difference in operative delivery for fetal 
distress in the group with oligohydramnios with ruptured 
membranes, but not in the group with oligohydramnios and 
intact membranes. Interestingly, in principle, we would 
expect to have a greater frequency of interventions in the 
group with intact membranes, since, within this group, at 
least some cases of oligohydramnios would be secondary to 
placental malfunction. In addition, Omokhodion et al. [72], 
Kaye [73], and Mynarek et al. [74] reported an association 
between low APGAR score or markers of hypoxia/asphyxia 
with the time of ruptured membranes before established 
labor, when the frequency and intensity of contractions are 
low. Also in the present study, for the variable rupture of 
membranes for > 360 min, we found a higher value of OR in 
the general group, which also included non-laboring women 
(OR, 2.30; p = 0.003; Table 1), than in the group of laboring 
women (OR, 2.03; p = 0.031; Tables 1, 2). If more frequent 
cord compression was the only mechanism, the contrary 
would be expected. However, if we consider the condition 
of prelabor rupture of membranes in the context of the pre-
term population, the findings above are not in accordance 
with the ones of the PPROMEXIL trial [76], which found 
no significant difference in neonatal outcomes with labor 
induction at 34 weeks compared with expectant management 
until 37 weeks, and also with PPROMT trial [77], which 
reported better neonatal outcomes with expectant manage-
ment in the same comparison. Other mechanisms may play a 
role in this specific population. Our findings are not enough 

to change management protocols about ruptured membranes, 
but they raise the question of the likely association between 
the time of rupture of membranes and low APGAR score 
in term pregnancy, and the need to study this issue more 
comprehensively.

The limitations of our study are similar to those inherent 
to retrospective studies, with the risk of information bias. 
Besides this, we could not assess some important variables, 
such as the duration of the second stage of labor and fetal 
growth restriction, due to unreliable information. The strong 
aspects of this study are the case–control design, which ena-
bled us to identify many associations with a relatively small 
sample; the analyses for mode of delivery were conducted 
correctly; the confirmation of the association between vari-
ables not related to maternal diseases with the outcome as 
reported in recent studies and finding a unique association 
with time of ruptured membranes, even after controlling for 
duration of labor.

The authors of the present study intend to utilize the same 
sample to build a risk score for predicting low APGAR score 
in term pregnancy with variables that are accessible from 
the moment of admission for labor. This will be reported in 
another article.
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